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This research proposes a new mathematical model to find lot size for multi-stage processes 
in with imperfection by using Material Flow Cost Accounting (MFCA) framework. The proposed 
model takes into account the work in process cost, inventory cost, setup cost, energy cost,   material 
cost, and quality cost. The traditional design costs of manufacturing, processing were integrated 
with environmental costs and quality costs. The concept of MFCA positive and negative product 
costs were used to allocate the total cost and divide into positive and negative product costs .The 
actual process of sewing machine part consisting of 8 steps. The optimization model was 
formulated with the objective function to maximize total positive cost form PSO based heuristic. 
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1. INTRODUCTION 
 Economic order quantity (EOQ) is the optimal order quantity that minimizes total inventory 
cost. Control of inventory is necessary to minimize total cost. The model was developed by Harris 
in 1913 (Harris, 1913)  And then there are many researches extend EOQ model concept for a 
preferable solution and more appropriate for each manufacturing environments  (Boucher,1984; 
Barzoki et al., 2011;Ullah and Kang ,2014). As lot size impact on work in process (inventory level) 
which affects directly on inventory holding costs, the study on optimal lot size will help design an 
economic order quantity and  the organization’s profitability is increased. 
 Especially, environmental management becomes a priority concern in many organization’s 
issues. MFCA techniques are used to find out and manage the environmental impact. This method 
measure and trace materials and energy used in terms of physical quantity and monetary units 
which consist of material, system, energy, and waste treatment costs. These costs are distributed to 
positive or negative product based on the attribution of activities to generation of product and waste. 
The negative product costs incurred show that current production process operate inefficiently. 
 This study applied the MFCA concept to show and calculate the hiding waste processes 
during manufacturing operations (Chattinnawat,2013). In addition, this study intend to declare the 
optimal lot size relative with inventory holding costs and work in process cost. Therefore, the 
proposed of this study is determine the optimal lot size for multi-stage processes under MFCA 
framework such that the cost of a positive product is maximized and the cost of negative product 
will be minimized based on PSO algorithm optimization search and compare with current process.  
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2. PROBLEM STATEMENT 
 Consider a case study production process consist of j  processes for  1,2,3, ,j n }  as shown in 
Figure 1. And each process has 2 stages 1,2k   as shown in Figure 2. The operation station is 
followed by an inspection process with three buffers in every process. Buffers are used for work in 
process inventories i.e. raw material, good quality products and poor quality products.  
 
 
Figure 1. Multi-Stage Imperfection Processes 
 
 A lot of material  jQ arrives the process on stage1 for transform tangible inputs in each 
cycle. Since the manufacturing is imperfect, a processed lot is released for 100% inspection. These 
inspected items are identified as good quality products and poor quality products. Poor quality 
products are classified into two categories i.e. rework items and reject items. Then, rework items 
reach into stage2 for reprocessed and also released for re-inspected with the same process in 
stage1and we assume that no rework is needed after that. As shown in Figure 2.  
 
 
 
Figure 2. Processing of lot size jQ  in stage 1 and stage 2 
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3. Modelling 
assumptions of this case study are, 
1) demand rate is constant and pre-determined. 
2) rework process is done only once. 
3) reworked parts can re-inspected at the inspection processing. 
4) poor quality products are produced during the rework operation. 
5)100% inspection both the stage1,2 of production. 
6) shortage and stoppage are not allowed during the manufacturing of one lot. 
7) all parameters are constants and deterministic 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Cost calculation modeling 
The author cites conceptual models and the mathematical a single-stage process model developed 
by Ullah and Kang (2014) extended a model for multi-stage processes, focusing work in process 
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inventory cost that affects the cost of production. Under the imperfect production process. The 
details are as follows.  
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3.3 MFCA analysis modeling 
The objective of MFCA is motivate and support the efforts of organizations enhance both 
environmental and financial performance through improved material and energy (ISO 14051:2011). 
MFCA concept was proposed to trace all material used and calculate all activities in monetary term. 
There are four types of costs i.e. material cost, system cost, energy cost and waste treatment cost. 
These costs are distributed into positive and negative product cost based on the attribution of 
activities to generation of product and waste. MFCA evaluate flow in terms of cost which are 
consist of material cost (MC), cost of production (SC), energy cost (EC), and waste management 
cost (WC) are the costs. These costs had calculated by the previous mathematical equations. The 
details are as follows: 
 
 1)  Material cost of process j  including all raw material cost used in the production process.  
It can be model as follow 
,j mat jMC C         
           (22) 
2)  System cost of process j  including processing cost, setup cost, quality cost, inventory holding 
cost and WIP cost. It can be model as follow 
, , , , ,j p j set j Q j IH j WIP jSC C C C C C       
   (23) 
3)  Energy cost of process j  including the total cost of energy used in the production process and 
used for quality inspection process. It can be model as follow 
,j EN jEC C     
     (24) 
4)  Waste treatment cost of process j   including the total treatment costs of poor product, 
wastewater, waste transportation, waste storage, etc. It can be model as follow 
,j WT jWC C   
    (25) 
5)  Eventually, these costs are distributed as positive product costs and negative costs. Cost 
allocation can be calculated by ratio of the entire entering material weight process to the 
forward material weight into next process. This will determine the amount of loss proportion 
0 jP , proportion products 1jP  and 0 1 1j jP P  , so the classified costs have shown in 
Table1.   
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Table 1: MFCA cost evaluation 
 QC : Process j 
 Material Cost System Cost Energy Cost Waste Cost Total 
Prev. 
Process 
(a)* 
.Prev MC  .Prev SC  .Prev EC  -  
New Input 
(b) 
Newly MC  Newly SC  Newly EC  Newly WC    
Total (c) (a)+(b) (a)+(b) (a)+(b) (a)+(b)   
Positive (d)  1j jP Total MC   1j jP Total SC   1j jP Total EC  - Total Positive 
Products Cost: 
TPC 
Negative 
(e) 
 0 j jP Total MC   0 j jP Total SC   0 j jP Total EC   jTotal WC  Total 
Negative 
Products Cost: 
TNC 
Total Loss 
(f)* 
Cumulative 
Negative jMC  
Cumulative 
Negative jSC  
Cumulative 
Negative jEC  
Cumulative 
Negative jWC  
 
Total Cost 
(g) 
(d)+(f) (d)+(f) (d)+(f) (d)+(f)  
(a)*:   value of good quality product from previous process (j-1),   (f)*: cumulative negative cost of 
process j  
 
Total Cost:  
1
n
j
j
TC TC
 
 ¦          
             
   (26) 
Total Positive Cost: j j jTPC PMC PSC PEC          
           (27)  
Total Negative Cost: 
1 1 1 1
n n n n
j j j j
j j j j
TNC NMC NSC NEC NWC
    
   ¦ ¦ ¦ ¦      
      (28) 
 
Objective Function : TPCMaximize TC          
            
 (29) 
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4. PARTICLE SWARM OPTIMIZATION ALGORITHM  
Particle swarm optimization algorithm was introduced by Kennedy and Eberhart in 1995 
(Eberhart and Kennedy, 1995). It is one of the most popular optimization algorithm. The PSO was 
inspired by social behavior of fish schooling or bird flocking. In real life, members of a bird flock 
tend to move towards or away from the same direction and sharing among group members. The 
algorithm is guided by personal experience (Pbest), overall experience (Gbest) and the present 
movement of the particles to decide their next positions in the search space. The PSO concept 
consist of, at each time step, changing the velocity (accelerating) each particle toward its Pbest and 
Gbest location. Acceleration is weighted by random term, with separate random numbers being 
generated for acceleration toward Pbest and Gbest locations. (Eberhart and Shi, 2001;Bai, 
2010;Samal and Pratihar, 2014) Therefore, this study aims to use PSO algorithm for solve the 
problem. 
 
5. CONCLUSIONS  
This paper a modified inventory model which accounts for multi-stage processes under the 
imperfect production process and focusing work in process inventory cost that affects the cost of 
production. It might not be a completely paper because of the during coding from the developed 
model in MATLAB R2014a and performed on a laptop computer Core i3 @ 2.4GHz and 4096MB 
RAM to implement the PSO algorithm which the optimal lot size solution and maximize total 
positive product cost under MFCA Framework. 
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